Background/Objectives: Resting metabolic rate (RMR) contributes 60-80% of total energy expenditure and is consistently lower in populations of African descent compared with populations of European populations. Determination of European ancestry (EA) through single nucleotide polymorphism (SNP) analysis would provide an initial step for identifying genetic associations that contribute to low RMR. We sought to evaluate the association between RMR and EA in African Americans. Subjects/Methods: RMR was measured by indirect calorimetry in 141 African American men and women (aged 74.7±3.0 years) enrolled in a substudy of the Health, Aging and Body Composition Study. Ancestry informative markers were used to estimate individual percent EA. Multivariate regression was used to assess the association between RMR and EA after adjustments for soft tissue fat-free mass (STFFM), fat mass, age, study site, physical activity level and sex. Results: Mean EA was 23.8±16% (range: 0.1-70.7%) and there were no differences by sex. Following adjustments, each percent EA was associated with a 1.6 kcal/day (95% Confidence interval: 0.42, 2.7 kcal/day) higher RMR (P ¼ 0.008). This equates to a 160 kcal/day lower RMR in a population of completely African ancestry, with one of completely European ancestry. Additional adjustment for trunk STFFM that partially accounts for high-metabolic rate organs did not affect this association. Conclusions: EA in African Americans is strongly associated with higher RMR. The data suggest that population differences in RMR may be due to genetic variants.
Introduction
Resting metabolic rate (RMR) is lower in African Americans when compared with individuals of European descent (Weyer et al., 1999; Gallagher et al., 2006) . Adjustments for fat-free mass and environmental factors such as socioeconomic status do not completely explain this finding, and thus it is thought to result from genetic variants that are specific to the African American population (Fernandez et al., 2003) . Considering that RMR contributes between 60 and 80% to total energy expenditure, it is important to know the contributions to RMR to increase our understanding of what drives differences in total energy expenditure. Additionally and although controversial, the low RMR found in African Americans may be a potential risk factor for the increased prevalence of obesity among this population (Weyer et al., 1999; Luke et al., 2006) .
New techniques have been developed to assess whether ethnically associated phenotypes have a genetic basis. One such technique takes advantage of the linkage disequilibrium found among admixed populations deriving their ancestry from separate ancestral populations. The admixed population contains regions of each chromosome from each ancestral population that can be used to identify specific chromosomal loci. This approach is an efficient method to map complex health conditions that have a genetic origin Reich and Patterson, 2005) . African Americans residing in the United States are a prime example of an admixed population, with ancestry from Africans and Europeans. As such, this admixed population can provide initial information on the possibility of having a genetic link with RMR.
The purpose of this study was to determine the association between European ancestry (EA) and RMR within selfidentified African Americans. On the Basis of previous studies comparing European and African Americans (Weyer et al., 1999; Gallagher et al., 2006) , we hypothesized that EA would be positively associated with RMR independent of adjustments for demographics and body composition in men and women.
Subjects and methods

Study sample
In 1997-1998 investigators from the University of Pittsburgh and University of Tennessee, Memphis recruited 3075 participants aged 70-79 from a random sample of white Medicare beneficiaries and all age eligible self-identified black community residents to participate in the Health, Aging and Body Composition (Health ABC) study (Manini et al., 2009a ). An energy expenditure substudy subsequently enrolled a random sample of 323 participants from the entire cohort (n ¼ 92 in 1998, n ¼ 125 in 1999 and n ¼ 85 in 2000) . In all, 21 participants were excluded from this analysis because of failure to complete the protocol or failure of RMR data to meet a priori quality control criteria or poor quality genetic data, leaving an analytic sample of 279 participants (156 European Americans and 141 African Americans). Written informed consent was obtained from each participant. The authors declare no conflicts of interest with the research.
European ancestry
The methods used to determine EA in 141 individuals who self-identified as Black or African-American is detailed in two recently published articles by our group (Shaffer et al., 2007; Wassel Fyr et al., 2007) . The subjects were genotyped, and 37 of these genes with ancestry-informative genetic markers were used to determine EA. These genes are known to differ in minor allele frequency by 0.6 or more (mean difference ¼ 0.79) between European and African population, and the specific analyses to determine EA are described previously (Shaffer et al., 2007) . These markers occur at spacing of at least 20 centimorgans across chromosomes 1 to 22, and are not in linkage disequilibrium in either parent population. A maximum likelihood approach was used to estimate genetic EA where the likelihood of ancestry based on each individual's genotype was assessed using the ancestral population allele frequencies. The sum of the log likelihoods of individual ancestry from all of the markers was maximized as a function of that person's ancestry, allowing ancestry to range between 0 and 1 (Chakraborty et al., 1986) . Using STRUCTURE (Pritchard et al., 2000) , we determined a 2-population model, where the proportions of African and European ancestry for each individual sum to 1, was the most appropriate. Tests of linkage disequilibrium among markers were carried out using EMLD, September 2003 Version (MD Anderson Cancer Center, Houston, TX, USA). As the markers are physically unlinked, then linkage disequilibrium between pairs of these markers should be due to heterogeneity in individual ancestry, which provides a complimentary analysis of evidence of genetic substructure and recent admixture (Choudhry et al., 2006) . Individuals reporting European Descent were included for descriptive purposes (Table 1) .
Resting metabolic rate and physical activity level RMR was measured by indirect calorimetry on a Deltatrac II respiratory gas analyzer (Datex Ohmeda Inc., Helsinki, Finland), detailed procedures are described elsewhere (Blanc et al., 2004) . In a fasting state and after 30 min of rest, a respiratory gas exchange hood was placed over the participant's head and RMR was measured minute-by-minute for 40 min. For calibration purposes, methanol burn tests were carried out in duplicate once or twice per month. Carbon dioxide recovery averaged 100.1±1.4% at the Pittsburgh site and 100.5 ± 1.5% at the Memphis site. The gas-exchange ratios for methanol differed by 2.5% between sites (Memphis: 0.66±0.01, Pittsburgh: 0.68±0.01, Po0.001), and this difference did not demonstrate a trend over time. Therefore, a correction factor was used to equate the two study sites by dividing the respiratory ratios for participants enrolled at Pittsburgh by 1.025. The average day-to-day reliability of the Deltatrac II respiratory gas analyzer has been reported to be 4 ± 74 kcal/day with a coefficient of variation of 3.6% (Cooper et al., 2009) .
Analyses were also performed to describe physical activity levels using the combination of RMR and total energy expenditure (TEE) (PAL ¼ TEE/RMR and Activity energy expenditure (AEE) ¼ (TEE*0.9)-RMR: thermic effect of food was assumed to be 10% of TEE in the equation). Using nonradioactive isotopes of H 2 and O 18 (i.e., the doubly-labeled water method), we determined TEE over a 14-day period before measurements of RMR. The methods for the doubly labeled water protocol have been described in detail in the following three publications by this group of authors (Blanc et al., 2004; Manini et al., 2006 Manini et al., , 2009b .
Body mass and composition
Fat mass (FM), soft tissue fat-free mass (STFFM) and trunk STFFM were measured using a Hologic 4500A Dual-Energy X-ray Absorptiometry Scanner (Hologic Inc., Watham, MA, USA). Body composition analysis was carried out using HOLOGIC software (version 8.21; Hologic Inc.) . Calibration was performed three times per week using whole-body qualitycontrol phantoms outlined in the Hologic manual. Values of STFFM were calculated after removing mass due to bone mineral content (BMC) using the equation (FFM þ BMC)-BMC ¼ STFFM. Organ masses are known to contribute disproportionally to RMR and partially explain racial differences in RMR (Gallagher et al., 2006) . To adjust for this potential confounder, trunk STFFM from DualEnergy X-ray Absorptiometry was used as a proxy for organ masses and added to the model. Justification for using this proxy originates from the strong associations seen with organ mass determined from magnetic resonance imaging (Bosy-Westphal et al., 2004) .
Data analysis
Baseline comparisons were performed between European American and African American, and in African Americans across tertiles of EA (Table 1) . Baseline participant characteristics were evaluated using analysis of variance for continuous variables and the w 2 statistic for categorical variables.
Multivariate linear regression was used to examine the adjusted associations of percent EA with RMR. We first tested whether sex and study site (Pittsburgh or Memphis) influenced the relationship between RMR and EA using a formal interaction test. We then examined EA in models adjusted for STFFM, FM, age, sex, AEE and study site. A separate model was created by adding trunk STFFM in an attempt to adjust for the effect of internal organ tissue mass.
Results
Descriptive characteristics of European and African Americans enrolled in the energy expenditure substudy are listed in Table 1 . At baseline, similar proportions of European Americans and African Americans originated from the study sites. The race groups had a similar age, sex composition, body mass, body height, FM, trunk STFFM and physical activity and AEE levels. STFFM was higher (P ¼ 0.025), body mass index was lower (P ¼ 0.053) and unadjusted RMR was higher (P ¼ 0.048) in European Americans. Mean levels of EA were 23% (median: 20.1%) and did not differ between sex. No demographic differences were noted across varying levels of EA categorized into tertiles listed in Table 1 . We found no influence of sex (P ¼ 0.836) or study site (P ¼ 0.135) on the association between RMR and EA. Following multivariate adjustment, EA was significantly associated with RMR ( Table 2 ). The model suggests that for every one percent EA there is a 1.6 kcal/day higher RMR and the adjustment for trunk STFFM had little influence on this relationship (Table 2) . (266) 743 (316) 660 (340) 0.133
Resting metabolic rate (kcal/day) 1300 (233) 1249 (206) 0.048
1241 (201) 1264 (205) 1243 (215) 0.841
European ancestry 
Discussion
Percent EA was estimated in 141 black men and women to determine whether RMR was associated with genetic variants. The data suggest a strong and consistent positive association between EA and RMR where higher RMR was associated with greater EA in African Americans. Although the estimates for EA differed between the two sites in the Health ABC Study, both estimates are consistent with previous reports where average EA values ranged from 17-30% (Parra et al., 1998; Smith et al., 2004; Reiner et al., 2005) . This study supports and expands current knowledge on the association between EA and RMR. Fernándaz and colleagues evaluated 145 African American women from three geographical locations in the United States and found a trend for an association between EA and RMR (Fernandez et al., 2003) . Interestingly, the slope between RMR and EA was strikingly similar to the result reported here (slope ¼ 1.78), despite differences in study design by Fernandez et al.-for example being restricted to women only compared with women and men residing in different geographical regions. The results also support a wealth of information on reduced RMR in African Americans, as compared with European Americans. For example, the sleeping metabolic rate of African Americans has been reported at 85-100 kcal/day lower than European Americans (Weyer et al., 1999) . We found a 1.6 kcal/day higher RMR for each percent EA, and thus a theoretical 160 kcal/day difference between a population of completely African ancestry and one with a completely European ancestry.
The association between RMR and EA is thought to originate from selective environmental pressures on mitochondria (Wallace, 1994; Mishmar et al., 2003) . Mitochondrial oxidative phosphorylation serves to generate ATP, reoxidize NADH and FADH 2 , and regulate temperature through heat production. These functions are partially dictated by the coupling state of the mitochondria where uncoupling causes heat production (Wijers et al., 2008) . Lower RMR per unit STFFM has a theoretical advantage of maximizing the conversion of energy to ATP rather than heat. Mitochondrial mutations brought on by higher latitude environmental pressures may have initiated compensatory mechanisms for developing a higher RMR through higher rates of mitochondrial uncoupling in Europeans (Wallace, 1994) . The higher RMR per unit STFFM also provides a method to compensate for additional energy intake in times of caloric abundance, a potential benefit in the obesity era not shared by African Americans.
An alternative explanation was offered by recent studies, suggesting that racial differences in RMR could be partially or mostly explained by differences in fractional mass of highmetabolic rate organs (e.g., brain, liver, kidney, heart and spleen and so on) (Hunter et al., 2000; Gallagher et al., 2006) . Gallagher and colleagues found that African Americans had a RMR that was 102 kcal/day lower than European Americans. However, after adjustment for the relative size of highmetabolic rate organs measured with MRI, they found that racial difference disappeared. In a follow-up study by the same group of investigators, Javed et al. found that the addition of brain volume explained B2% of the variance in RMR even after accounting for total STFFM (Javed et al., 2010) . These data suggest that African Americans had a smaller proportion of STFFM as high-metabolic organs and thus previous reports that used total STFFM did not adequately account for this difference in the relative proportion between African American and European Americans. Trunk STFFM in our sample was similar across all comparison groups, which differs from the findings of Hunter et al. who found lower trunk STFFM in premenopausal African than European women (Hunter et al., 2000) . With the known age-related decline in organ mass (He et al., 2009) , the older age of our sample may have erased the ethnic differences in organ mass seen in previous studies. Nevertheless, statistical correction for trunk STFFM did not Note: Activity energy expenditure calculated as (TEE*0.9)-RMR, where TEE is the total energy expenditure determined using doubly-labeled water and RMR is the resting metabolic rate determined by indirect calorimetry.
reduce the association between RMR and EA in our sample. Unfortunately, organ-specific masses were not available to conduct more thorough statistical corrections to RMR. In conclusion, EA is strongly associated with RMR in African Americans after accounting for differences in body composition and demographics.
